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Introduction 
Growing popularity based on environmentally-friendly, low cost and lightweight building 
materials in the construction industry has led to a need to examine how these characteristics can 
be achieved and at the same time giving the benefit to the environment and maintain the material 
requirements based on the standards required. Recycling of waste generated from industrial and 
agricultural activities as measures of building materials is not only a viable solution to the 
problem of pollution but also to produce an economic design of building. 
The usage of natural fibres in construction material has taken place since time 
immemorial, for example the use of straw in sun-dried mud bricks or the strengthening of mortar 
with horse-hair (Ajamu, 2013). The benefits from using natural fibres can help to reduce building 
cost and also help to preserve the environment by optimizing the usage of plants and agricultural 
wastes. Sallehan (2010) stated in his research that the application of natural fibres has been 
widely used in cement composites and earth blocks as construction materials for many years in 
developing countries due to the availability and low cost of fibres. 
Oil palm (Elaeisguineensis) was first introduced to Malaysia as an ornamental plant in 
year 1870. Since 1960, planted area had increased at a rapid pace. In 1985, 1.5 million hectares 
were planted with palm tree, and it had increased to 4.3 million hectares in 2007. This has 
become the most important commodity crop in Malaysia, as of 2011, the total planted area was 
4.917 million hectares (MPOB, 2015).Oil palm is a product that generates to the growth of the 
agricultural sector and economy in Malaysia. Lignocellulose biomass is produced from oil palm 
industry, including oil palm trunks (OPT), oil palm fronds (OPF), empty fruit bunches (EFB), 
pressed palm fibre (PPF) and palm oil mill effluents (POME) (Abdullah, 2013).  
Generally, oil palm cultivation can pose a threat to the environment. Large quantities of 
palm waste, known as empty fruit bunches (EFB), are left in plantations where oil palm is 
produced. The abundance of oil palm empty fruit bunches (OPEFB) has created crucial 
environmental issues, such as fouling and attraction of pests. In the past, this residue was often 
used as fuel to generate steam at the mills. Unfortunately, burning of these materials creates air 
pollution, which is prohibited by the Environment Quality Act (EQA) (Sallehan, 2010). Oil palm 
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empty fruit bunches (OPEFB) that had been considered agricultural waste can contribute to the 
very latest in construction of houses in Malaysia. Nowadays, fibre that obtained from OPEFB is 
valuable when its use in manufacturing board and paper has been found. Oil palm fibre whether 
from trunk or empty fruit bunch (EFB) is a unique reinforcing material as it is non-hazardous, 
renewable, and readily available at relatively low cost due to established technology to extract 
the fibres compared to other commercially available fibres (Roslan, 2008).Thus, this research 
was related to investigate the production of concrete using the percentage of 0%, 1%, 2%, 3%, 
4% and 5% of oil palm empty fruit bunches (OPEFB) fibre as an additive in concrete mixtures. 
This research aimed to investigate the effect of fibre on the engineering properties of concrete in 
terms of compressive strength and water absorption. 
 
Experimental Programme 
 
Materials used 
 
All the materials used in this specimen were local products that had been supplied by local 
manufacturer. The materials that were used to produce concrete specimens were fine aggregate, 
coarse aggregate, cement, and oil palm empty fruit bunches (OPEFB) fibres. The fine aggregate 
(sand) used consists of clean river sand with fineness modulus of between 2.0 to 3.5. Coarse 
aggregates in concrete occupy about 70% of the total volume of the concrete. Smaller aggregate 
sizes are considered to produce higher concrete strength. The coarse aggregate used in this 
research was in average of 10 mm size, crushed and angular in shape. The aggregates were 
assured to be free from any impurities. Next, the Portland cement used were supplied by 
manufacturer and conformed to MS 522: part 1:1989 with specific gravity of 3.15. Lastly, the oil 
palm empty fruit bunches (OPEFB) was collected at an oil palm mill in Felda Keratong, Pahang. 
The OPEFB were then undergone certain procedures as shown in Figure 1 to get the fibres to be 
used in this research. 
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Figure 1: Processing fibre from oil palm empty fruit brunch. 
 
Concrete Specimens and Mix Proportion 
Concrete cube size of 100 mm x 100 mm x 100 mm was used to conduct both test in this 
research; compression test and water absorption test. The specimens were differentiated with 
respect to the fibre content by volume of concrete. Specimens with zero percentage of fibre were 
used as control specimen. A total of 72 test cubes were prepared.  
 The batching process was done by weight. In order to achieve uniformity and consistency 
throughout the process, conventional mixing method was adopted. It should be noted that the 
fibres tend to clump together and form series of fibre balls (balling effect) when the fibre length 
increases.  
Therefore in order to prevent this, certain content of fibre was used to get minimum 
balling effects. The fibre content chosen were 0%, 1%, 2%, 3%, 4% and 5% by volume of 
concrete. After mixing and pouring into mould, the specimens were cured in water in curing tank 
before testing for 7 and 28 days. 
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Test on Fresh Concrete 
 
Concrete slump test is a test worksheets often done on fresh concrete and it is simple and most 
practical way to measure the workability of concrete. This test was performed according to the 
procedure set out in BS 1881: Part 102: 1983. This tools in this test must also be in accordance 
with the standards established. 
 
Tests on Hardened Concrete 
 
The cube compression test is a test that is widely used around the world to measure the 
compressive strength of concrete in which different grade and age of concrete will give a 
different strength. This test is one of the concrete failure tests as specified in BS 1881: Part 116: 
1983. Concrete compressive strength can be calculated using the following formula:  
 
 
 
                             where, P = Load (N) 
A = Area of cube surface (mm2) 
 
• Water Absorption Test 
 
Meanwhile, the water absorption test was carried out to determine the permeability of the 
concrete. The specimens were first dried in an oven for 24 hours at 105ᵒC and later cooled at 
room temperature before weighing. After that, the specimens were placed inside a curing tank for 
about 24 hours. They were then removed from the curing tank and weighed. The ratio of water 
content to the dry mass of concrete determines the water absorption of specimens. The 
calculation formula is as follows: 
 
 
 
 
Fcu = P/A (N/mm2) 
W% = (Ms – Md) / Md x 100 
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Where;       W = Percentage of water absorption 
Md = Dry mass 
Ms = Saturated mass 
 
Results and Discussion 
 
 
Figure 2 indicates the results of slump test that had been conducted on all six types of fresh 
concrete mixes. The concrete mixes were different in terms of their proportion of additional oil 
palm empty fruit bunches fibres which were 0%, 1%, 2%, 3%, 4% and 5% but they were mixed 
according to the same concrete mix design. It was observed that the inclusion of OPEFB fibres in 
fresh concrete significantly altered the behaviour in terms of its mobility. Addition of fibres 
decreases workability due to an increase in surface area (Ahmad, 2010). The slump shows a loss 
of about 74% from 27 mm to 7 mm (20 mm loss) when fibre is included in concrete for 5%. This 
indicates that the moisture content of the mixture has decreased. When adding 1 to 2% fibre, the 
slump loss is not so significant. Jorillo and Shimizu (1992) stated that the inclusion of fibre 
stiffened the mixture resulting in an increased stability or cohesion but also to an apparent 
reduction of workability. 
In overall judgement on the workability of concrete reinforced with OPEFB fibres, the 
slump ranges between 5 and 25 mm when added with 1% to 5% of fibres, which are within true 
slump values. It can be deduced that as the percentage of fibre increases, the workability also 
decreases. Therefore, the concrete mix will require more water to obtain better workability as the 
fibre content increases for better strength. 
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Figure 2: Slump of fresh concrete made of different percentage of OPEFB fibres 
 
Compression Test  
 
The effect of oil palm empty fruit bunches fibres on compressive strength of the concrete 
at various ages is shown in Figure 3 using 0% to 5% fibre content. The compressive strength of 
the control concrete at 7 and 28 days was recorded as 45.30 MPa and 54.90 MPa respectively. 
Obviously, those results were too high for the Grade 30 concrete. At the age of 7 days of cubes, 
when the control concrete was compared with the OPEFB fibres concrete with the fibre contents 
of 1%, 2%, 3%, 4% and 5%, a slight reduction was found in strength of concrete, that is, 41.60, 
32.20, 28.70, 19.90 and 19.70 MPa respectively. Theoretically, the compressive strength of 1% 
to 3% fibre concrete are acceptable as they had exceeded 75% of grade 30 concrete at 7 days 
which is 20 MPa. Thus, it can be concluded that the optimum OPEFB fibre percentage that can 
successfully increase the maximum compressive strength of concrete is 1% of the fibre content. 
In this case, an increase in the compressive strength occurs because the fibres can withstand 
stresses (Binici, 2005) and successfully reinforce and hold the matrix. 
Furthermore, as illustrated in figure, it can be observed that the compressive strength of 
concrete at age of 28 days was also decrease gradually in each of fibre content. All the concrete 
types added with the OPEFB fibres had the compressive strength lower than the control concrete 
strength which was 54.90 MPa. However, the concrete with 1% to 3% fibre content were 
theoretically acceptable for Grade 30 concrete at age of 28 days, similar with the condition of 7 
days concrete. For the 4% and 5% fibre concrete, the compressive strengths were significantly 
dropped with the value of 21.20MPa and 15.00 MPa, respectively.  
Based on researcher’s observation on the crack appearance of the specimen, the decrease 
in the compressive strength of concrete with 4% and 5% fibre contents occurred because the 
space occupied by the fibres acted like voids in the matrix. Such a void space could be attributed 
to the high volume of fibrous material in it, and the non-uniform fibre distribution in the 
specimens tended to make fibres ball or clump together. For this reason, when the fibres are not 
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evenly distributed in the matrix, they tend to clump together with the less matrix material in 
between to hold them together, creating more voids and cause the concrete to become weak. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Relationship of the percentage of OPEFB fibres with the compressive strength of 
concrete cubes at age 7 and 28 days 
 
Water Absorption Test  
 
       According to Figure 4, it can be seen that the different amount of fibre in concrete gives 
the up and down trend to the percentage of water absorption according to their age of 
maturation. Overall, the results indicate that the water absorption for concrete with OPEFB 
fibres was higher as compared with that for the control concrete and it is possible to define that 
the concrete containing fibres is more permeable to water. The higher water absorption capacity 
of OPEFB concrete were attributed to the amount of water absorbed by the cellulose fibres, 
which is influenced by the void volume and the amount of cellulose material present. 
      In other words, this result is compatible with the density theory, which predicts the sample 
with OPEFB fibres are more likely to absorb water, and vice versa. There was another result 
shows the same trend in water absorption conducted by Roslan (2008) which indicates that the 
increase of water absorption is because of the present of dried fibres and voids inside the 
specimens and they have tendency to absorb water during immersion of specimens. 
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Figure 4: The effect of percentage of fibre to percentage of water absorption in concrete 
 
Conclusion  
 
The conclusions are as follows: 
i) The workability of oil palm fibre concrete decreases with the increase of fibre content in the 
concrete mix. This may be due to the water absorption characteristic of oil palm fibre which 
absorbed water during mixing process and gave low slump during the slump test. 
ii) The research on oil palm fibre concrete cubes under compression test shows that adding the 
oil palm fibre into the composites increase the strength of the composite after 28 days. Even 
though adding fibre contributes to the increase of strength, the strength does not increase with the 
increasing fibre content (percentage). In other words, the increase in strength is only up to certain 
fibre content. For example, the compressive strength of concrete with 5% fibre content decreases 
from 19.70 MPa at age of 7 days to 15.00 MPa at age 28 days. 
iii) It is concluded that the compressive strength of control concrete is higher than that of OPEFB 
fibre reinforced concrete. This is because the control concrete has aggregate which is a material 
that is very durable, unbreakable and also has a variety of surface textures, as compared with the 
use of oil palm fibres that are soft, brittle and has a low density. Overall, it can be concluded that 
increasing fibre content leads to a decrease in the compressive strength of concrete. 
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